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EXPERIMENTAL SECTION
Characterization. PANIPNs were characterized by Fourier transform infrared (FTIR) spectroscopy through Spectrum-2, Singapore in the range from 4000 to 400 cm −1 ; 1 H-/ 13 C-nuclear magnetic resonance ( 1 H-/ 13 C-NMR) spectroscopy using Bruker-Advance Digital 300 MHz in CDCl3 solvent with TMS as an internal reference/JEOL ECX400, at the proton frequency of 400
MHz; X-ray photoelectronic spectroscopy (XPS) via ESCA+, Omicron nanotechnology, Oxford
Instrument Germany, equipped with Al Source (kα radiation hν = 1486.7 ev) monochromator, operating at 15 kv, and 20 mA; thermogravimetric analysis (TGA) using Pyris6 TGA, The
Netherlands in N2 atmosphere with flow, and scanning rates of 20.0 cm 3 min -1 and 10 C min -1 , respectively, from 30 to 700 C; differential scanning calorimetry (DSC) via Pyris6 DSC, the Netherlands in N2 atmosphere with the flow rate of 20.0 cm 3 min -1 , within 30-442 C; X-ray diffraction (XRD) by X'Pert PRO, PANalytical B.V., the Netherlands, using Ni-filtered CuK radiation ( = 1.5406 Å) having angle of diffraction, within 5100; scanning electron microscope (SEM), and energy dispersive X-ray (EDX) using ZEISS EVO-MA 10 having resolution of 3 nm with W filament and Sb as sources, and rheological analyses through Anton Paar MCR 102
rheometer. PANIPNs were also characterized by measuring network parameters, such as crosslink densities (i.e., CDs, ρc), and average molecular weights between crosslinks (i.e., Mc), LCST, % gel content (i.e., % GC) content, amount of % -COOH, pH at point of zero charge (i.e., pHPZC), and equilibrium swelling ratios (i.e., ESRs) at different pHi and temperature. RSM based optimization was performed by Design Expert 7.0.0. All graphics based analyses were carried out using Origin 9.0 software.
Methodology. SF and M(II/III) solutions of varying concentrations (i.e., 10-200 and 10-60 ppm for dye and M(II/III), respectively) were prepared by exact dilution of 1000 ppm stock solutions. In the present study, 0.025 g of dry PANIPNs was added to 50 mL buffered solutions of adsorbates with constant stirring at 300 rpm. The progress of adsorption was monitored by withdrawing supernatant solution after definite time intervals and measuring absorbance at λmax using UV-vis spectrophotometer (PerkinElmer Lambda 365) and atomic absorption spectrometer (PerkinElmer A-ANALYST 100) for dyes and M(II/III), respectively. From the pre-calibrated equations, adsorbate concentrations (i.e., Ct) were calculated, from which qt (mg g -1 ) values were determined using Equation S1 .
Here, C0/Ct (ppm), V (mL), and ms (g) are feed dye concentrations at t = 0/t, volume of dye solution and mass of PANIPNs, respectively. Equilibrium AC (i.e., qe, mg g -1 ) was obtained via
replacing Ct by Ce in Equation S1
.
Swelling and pH/temperature reversibility studies of PANIPNs. For swelling and deswelling studies, hydrogels were immersed for a time period of 1 hr at of pHi = 2 and 12, respectively. For analyzing the temperature reversibility, hydrogels were allowed to swell and deswell at 323 and 293 K, respectively. Indeed, all the cycles were continued repetitively until the loss of hydrogel stability.
Calculation of % -COOH, pHPZC, % GC, and network parameters of PANIPNs. The amount of -COOH was estimated by a method reported elsewhere using Equation S2. 
The pHPZC of both the PANIPNs was estimated by taking 0.05 g of xerogel in 50 mL buffer solutions of different initial pH (i.e., pHi = 2 to 10). After 72 hrs of immersion, final pH (i.e., pHf) of all the solutions were estimated. The difference of these pHf and pHi was plotted wioth pHi to find the pHPZC.
The % GC of the PANIPNs were estimated by the method reported elsewhere, S1 using
The Mc of PANIPNs was calculated, using Equation S4, based on the network theory of Flory and Rehner.
Here, VS, ρp, φp, and χ are molar volume of water, density of PANIPNs, volume fraction of swollen PANIPNs after attending the equilibrium, and interaction parameter of PANIPNs-water, respectively. However, VS was calculated from density and molecular weight of PANIPNs.
Equation S5 was employed to calculate φp from the known value of swelling ratio (i.e., mw, g g -1 ). 
Here, kL, kF, and kT are the corresponding isotherm constants and qmax, n, bT, and kT are the corresponding parameters of the isotherm models. RL can be defined by the Equation S14.
Kinetics of adsorption. Adsorption kinetics are carried out to identify the mechanism, rate determining step, and diffusion characteristics of the isothermal adsorption process. In the present study, kinetics studies were executed by taking 0.025 g of both PANIPNs at different initial concentrations of SF/M(II/III), constant pHi, and various temperatures. The kinetic data were analyzed via non-linear pseudofirst/second order kinetics models (Equations S15/S16).
Here, k1 (min -1 )/k2 (g mg -1 min -1 ) represent pseudofirst/second order rate constants.
Thermodynamics of adsorption.
The thermodynamic parameters, such as changes in enthalpy (i.e., ΔH 0 ), entropy (i.e., ΔS 0 ) and Gibbs free energy (i.e., ΔG 0 ) were measured to apprehend the effect of temperature on adsorption isotherm. The spontaneity of adsorption process is confirmed by the negative ΔG 0 , as expressed by Equation S17.
Here, kd, known as distribution coefficient, can be defined by the Equation S18.
Here, ΔH 0 and ΔS 0 can be determined from the slope and intercept of the linearized form of van't Hoff's equation, respectively, as expressed in Equation S19.
Effect of temperature on adsorption kinetics. The effect of temperature on kinetics was established by taking 25 ppm M(II/III) solutions at pHi = 7 and 0.025 g of PANIPN21/41 at 293, 303, 313, and 323 K. As all the M(II/III) followed pseudosecond order kinetics, k2 at different temperatures could be interrelated by the following Arrhenius type equation.
Here, k0 and Ea are temperature independent factor (g mg −1 min −1 ) and activation energy of adsorption (kJ mol −1 ), respectively. In fact, from the slope of the linearized lnk2 vs. 1/T plot, Ea can be evaluated.
RESULTS AND DISCUSSION
Experimental design and model development for the synthesis of PANIPN 
Calculation of LCST, % -COOH, pHPZC, % GC, and network parameters of PANIPNs
The grafting of PN within copolymer network of thermosensitive PANIPNs was envisaged by the variation of LCST. In order to determine the LCST of PANIPNs and respective copolymers, 0.01 g of hydrogels were allowed to swell in double distilled water for 24 h, followed by performing DSC in N2 atmosphere within 5-100  C at scanning rate of 5  C min -1 . In fact, the LCST of PANIPN41 and PANIPN21, appeared at 75.56  C and 68.75  C, were found to be slightly higher than copolymers( Figure S2g ), emphasizing the relative enhancement of hydrophilic groups in PANIPNs. Thus, the increase in water swelling-deswelling reversibility of the PANIPNs, beyond the LCST of PNIPAm hydrogel, could be attributed to the presence of highly hydrophilic SA and PN moieties in the hydrogel network. The % -COOH content was found to be 9.84 and 4.95 % for PANIPN41 and PANIPN21, respectively, resulted by the relative variation of SA in PANIPNs. However, for the used PANIPNs, pHPZC was found to be 7.07 and 6.66 for PANIPN41 and PANIPN21, respectively ( Figure S2h ). Again, % GC of PANIPNs was found to decrease from 71.47 % of PANIPN41 to 62.49 % in PANIPN21. The network parameters, such as average molecular weight between crosslink (i.e., Mc) and crosslink density (i.e., c), were obtained from swelling data of the hydrogels using Equations S4 and S8, respectively. The decrease in Mc with an enhancement of ρc was observed with progressive increase in the wt % of crosslinker, ascribed to the formation of greater number of networks. Similar results were also reflected by the increase in initiator amount from 1.25 to 2.0 wt % (Table S5) . Indeed, the successive increase in wt % of PN in PANIPNs from 0.25 to 0.75 wt % resulted a decrease in ρc, attributed to the increase in viscosity of solution leading to a decrease in the efficiency of radical formation. A reverse trend of network parameters was also observed by the increase in SA:NIPAm ratio in the copolymer network from 1:1 to 10:1. In (Table S5) . (Table S7 ).
FTIR analyses
Intimate coulombic attractions/H-bonding between SF and PANIPN41/21 resulted in complete disappearance of three SF specific peaks in SF-PANIPN41/21 (Table S7) remained intact in SF-PANIPN21 ( Figure S3b and Table S7 ), with notable existence of C-N str.
peak at 1327 cm -1 in PANIPN41/21. Notably, PANIPN41, bearing relatively higher proportion of -COO¯, was involved in stronger ionic interaction with SF cations, leading to possible replacement of H-bonds by coulombic attractions in SF-PANIPN41, resulting in higher AC of PANIPN41 than PANIPN21. 
Scheme S1. Possible structure of MO-SF-PANIPN21 adduct (a-h) at pHi = 9/2 involving ionic interaction between I. SF dimer and MO, II. SF dimer and PANIPN21, III. SF and PANIPN21, IV. SF and MO, V. MO and SA moiety of PANIPN21 and VI. MO and NIPAm moiety of PANIPN21
